INTRODUCTION
Non-natural deaths globally contribute significantly towards overall mortality. Injuries remain a major contributor of morbidity and mortality, accounting for more than 9% of total deaths worldwide [1] . South Africa is no exception as 11.1% of all deaths are deemed non-natural, which includes fatal motor vehicle accidents, assault, self-harm, and fatal drowning [2] . Drowning has been defined by the World Health Organisation (WHO) as "the process of experiencing respiratory impairment from submersion or immersion in liquid" [1] . More than 370,000 people die every year from drowning and over half of global drowning deaths are in persons younger than 25 years [1] . Males are twice as likely as females to drown, while drowning rates in low-and mid-dle-income countries are more than three times higher than in high-income countries [1] . This undoubtedly warrants drowning to be labelled as a globally neglected public health issue [1] . In South Africa fatal drowning occurred in 1411 people during 2015, totalling 4.4% of other external causes of accidental injury [2] . However, true numbers of drowning are lacking and this number might be substantially higher [3] . The National Sea Rescue Institute (NSRI) of South Africa estimates that more than 2000 people die every year from drowning, 600 of which are children [personal communication: Dr. C. Robertson, August 2017]. These estimates are extrapolated from mortuary data in the Western Cape Province, but many drowning victims simply disappear in rivers, dams and the sea and it is likely that drowning is significantly under-reported.
Drowning is a highly preventable public health challenge and strategic interventions need to be undertaken to reduce the burden. Fundamental preventative strategies, especially in the young, include effective safety measures and barriers to control access to water (solid pool covers, pool fencing), improving water confidence and swimming skills, knowledge of rip currents, swimming on lifeguarded beaches, access to beach rescue equipment, warning signage, wearing of lifejackets by water users, bridges across rivers in rural areas, wetsuits or safe buoyancy aids for children, training bystanders and strengthening public awareness of drowning [1, 4] . Timely search and rescue of potential drowning victims (at sea or inland waters), initial appropriate resuscitation and rapid transportation to a medical facility also play a crucial role in preventing death.
Search and rescue (SAR) is defined as an operation initiated by emergency services to find individuals believed to be in distress, ill or injured; and possible lost in remotes areas or areas that are difficult to access [5] . SAR response is generally required in undeveloped, or extreme environments where misadventures tend to occur and modern emergency services or equipment are unable to reach. In order to locate the victim or vessel in distress, SAR personnel are exposed to the same inherent risks associated with wilderness, mountain and maritime activities [5] . The goal of SAR operations is to maximise the likelihood of success as swiftly as possible using available resources. The decision to terminate SAR efforts, if a victim is not found timeously, or to change to a search and recovery operation should be made based on the probability of survival [6] . Abandoning search and rescue efforts as the likelihood of survival diminishes, may reduce the risk to rescuers and conserve resources [6] .
Maritime search and rescue is a subcomponent of search and rescue and has been defined by the Canadian Civil Air Search and Rescue Association (CASARA) as the search for, and provision of aid to persons, ships, or other crafts, which are, or feared to be, in distress or imminent danger. The rescue component denotes the part of the operation to retrieve persons in distress, provide for their initial medical or other needs, and deliver them to a place of safety [7] . The NSRI is a non-profit organisation responsible for the majority of search and rescue response along the South African coast and on inland navigable waters [8] . The NSRI consists of 31 coastal rescue stations, 5 inland dam bases, a fleet of 96 rescue crafts and ± 1000 volunteers [8] . They assist with medical evacuations of crew from ships passing along the South African coastline, as well as commercial and subsistence fishermen. Rescue services also extend to recreational skiers, kite-surfers, windsurfers, surfers, sailors, and bathers requiring assistance at sea [8] .
Systemised data from past search and rescue operations are crucial to current responses throughout the world [9] [10] [11] . For example, data can be used to identify high probability areas in certain regions. These areas can be explored beforehand to map relevant geographical features, to determine the swiftest access and egress routes, and to anticipate possible hazards that could be detrimental during a search and rescue operation. This will all help to ensure recovery of persons and vessels and limit patient mortality.
At present, there are no published studies describing the epidemiology of maritime search and rescue operations in South Africa. The paucity of data hampers the planning and execution of future search and rescue operations and are hindering the provision of lifesaving medical care in maritime environments. This study aimed to describe all search and rescue operations by the NSRI of South Africa over a 5-year period.
MATERIALS AND METHODS

STUDy DESIgN
A retrospective analysis of operations conducted by the South African NSRI over a 5-year period. The study was approved by the Health Research Ethics Committee at Stellenbosch University (Ref: S15/02/036).
STUDy SETTINg AND pARTICIpANTS
Standardised operation capture forms (Appendix 1 -see journal website) are completed after each mission by the NSRI shore controllers or the coxswains in charge which are then crosschecked by the rescue base Station Commander. Operation reports include demographic details and predefined data fields that record information about the incident as well as a narrative description of most cases. Validated crosschecked data is captured and individually stored on the NSRI Management Information System (MIS).
Operation reports of operations conducted from 1 January 2010 to 31 December 2014 were eligible for inclusion. Operation reports with incomplete data points relating to operation date or time, operation category and type, mission www.intmarhealth.pl statistics and description were excluded from analysis. All double entries were also excluded.
DATA COLLECTION AND MANAgEMENT
Data from individual operation reports were manually incorporated into a Microsoft Excel ® spreadsheet. Collected variables related to general mission information (operation number, region, and category), operation details (date, time, location), weather conditions (wind, swell, visibility) and demographics describing the rescued craft and person(s). Operations were categorized into four groups: -air-based search and rescue; -land-based search and rescue; -water-based search and rescue; -support services.
Further subcategorisation was done per incident type.
STATISTICAL ANALySIS
Statistical analysis was done using Microsoft Excel ® , and summary statistics were used to describe all variables.
RESULTS
The NSRI performed 3281 operations over the 5-year period. Thirty-five (1.1%) operations were excluded due to incomplete data points with 3246 operations subsequently included in the analysis (mean per year = 649.2). Annual operations peaked during 2013 (n = 709, mean per month = 59.1) (Fig. 1) and a marked seasonal variation were revealed with peak periods in summer months (December and January) (Fig. 2) . The busiest month was December 2012 when 117 operations were performed. Most operations occurred in the south-western coastal regions (n = 1467, 45.2%) (Fig. 3) .
Water-based assistance was the most frequent type of operation performed (n = 2194, 67.6%), followed by landbased search and rescue (n = 341, 10.5%) and air-based search and rescue (n = 42, 1.3%). The NSRI further assisted during floods, firefighting, motor-vehicle accidents, whale disentanglement, crew replacement of vessels at sea, and body recovery searches (support services n = 669, 20.6%).
Water-based operations mostly related to medical evacuations of people aboard vessels at sea (n = 269, 12.3%), assisting small vessels (9 m or less) in need (n = 264, 12%) and drownings (n = 230, 10.5%).
Sporting activities lead to 493 rescues; predominantly paddle-sport activities (185/493, 37.5%), swimmers/divers (138/493, 28%), and surfers/kite-surfers/windsurfers (122/493, 24.7%). In total, 1021 boats were assisted (553 Elaine Erasmus et al., The epidemiology of operations performed by the NRSI of South Africa over a 5-year period (Table 1) .
The NSRI assisted 3399 individuals (mean per operation = 2, maximum per operation = 39). Males accounted for 77% (2491/2372) of those requiring assistance. The mean age of rescued persons was 42 years (SD 24.6) with adults between 20 and 29 years of age (509/2896, 21.5%) the biggest proportion (Table 2) .
In total, 836 (25%) individuals had non-fatal injuries or illnesses requiring medical assistance. Medical emergencies (293/836, 35%), traumatic injuries (274/836, 32.8%), and non-fatal drownings (192/836, 23%) were the most frequent types of injury and illness (Fig. 4) .
There were 184 (18%) deaths recorded; drowning the most frequent cause (138/184, 75%) ( Table 3) . Ten of the cardiovascular-related deaths were suspected to be from myocardial infarction. Two suicides occurred where the persons jumped to their death.
DISCUSSION
The purpose of this study was to describe the epidemiology of rescue operations performed by the NSRI of South Africa over a 5-year period.
The NSRI performed a mean of 649 operations per year from 2010 to 2015, with 709 operations the most in a calendar year (2013). This seems very little compared to the Royal National Lifeboat Institution, serving the coasts of the United Kingdom and the Republic of Ireland, which consistently launched more than 8000 lifeboats per annum [12, 13] . Similarly, other European marine search and rescue institutions performed more than 2000 operations per year, including Germany's DGzRS, Deutsche Gesellschaft zur Rettung Schiffbrüchiger (2019 missions in the North and Baltic Seas during 2016), France's Les Sauveteurs En Mer (3552 missions around the French Coast in 2015), and Norway's Redningsselskapet (assisting 6447 boats in the coastal waters of Norway during 2016 [14] [15] [16] . However, one should be cautious to directly compare marine search and rescue institutions as they differ in too many aspects e.g. amount of ship traffic, persistent weather conditions, fleet size, etc.
Distinct seasonal variation in the number of search and rescue operations was observed, with peak periods in December and January. This finding is not surprising [5, 17, 18] . During the warm holiday season, holiday-goers are participating in water-based recreational and sporting activities (swimming, diving, surfing, kayaking, kite-surfing). Kitesurfing is favoured by extreme water-sports enthusiasts and South Africa (especially Cape Town) is becoming a very popular kitesurfing destination. This inevitably leads to an increase in sea rescues relating to kitesurfing [19] . Fortunately, most people assisted by the NSRI were not ill or injured (n = 2379, 70%). A negligible difference was found between medical emergencies and trauma in the 836 injured individuals rescued (35% vs. 32.8%). Our data emphasize the need for search and rescue personnel to be able to manage a diverse range of medical problems, and to be sufficiently skilled in managing trauma and drowning cases.
Drowning remains a serious public health concern, claiming approximately 324,000 lives globally in 2015 alone. The WHO estimates drowning rates to be more than three times higher in low-and middle-income countries compared to high-income countries [1, 20] . South Africa had 3.19 deaths per 100,000 people due to drowning in 2015, which is considerably higher compared to the United Kingdom (0.6/100,000) and Germany (0.69/100,000) [21] . Despite the higher incidence of drowning in South Africa, there remains a paucity in drowning-related data and further studies, specifically focusing on drowning, are recommended.
LOCAL pERSpECTIvE
The challenge for the NSRI is that it is a volunteer organisation staffed by personnel with limited emergency medical training beyond basic emergency care. Access to more advanced training by existing volunteers is limited by the training regime approved by the Health Professions Council of South Africa. The only solution available to the NSRI is to recruit trained professional emergency care providers to its ranks or to solicit support at the time of an incident. Ad hoc crew deployments without adequate sea going experience carry reasonable risk to both rescuer and patient.
The rescue of patients from ships at sea, by boat, provides unique challenges. For example, climbing 20 m up a pilot ladder, 'rescuing' the patient from inside the ship and then lowering them down between two objects moving in three dimensions requires experience and skill not taught in land-based institutions. Specialist training facilities are required. Helicopter rescue would be a solution but sufficient capacity and competence does not exist along the entire coastline.
Lastly, rescue tools and equipment need to be adapted for the maritime environment and the NSRI is constantly innovating to ensure patient and crew safety. Vacuum mattresses provide thermal, physical and float protection at sea and could be more widely used. The NSRI uses waterproof dry bags to package 'jump' bags and electronic equipment but water contamination is common and the cost of replacement high.
LIMITATIONS Of THE STUDy
The study was limited to South Africa and may not be representative of other African countries. As the NSRI mainly focuses on coastal and navigable water environments, there is a predilection towards incidents occurring on water. Nonetheless, as the first report of such nature, we believe it aids the existing knowledge gap.
Medical information was recorded by multiple sources with various levels of medical training. This resulted in an inherent level of inconsistency in reporting as only symptoms and not the final diagnosis was often documented.
As this study is a retrospective analysis of a pre-existing database, there is no external method available to confirm that the Station Commander appropriately declared a rescue operation or if NSRI rescue personnel accurately recorded data at the time of the operation or whether data was entered correctly onto the NSRI MIS database. Transcription errors may have occurred when data was captured onto MIS. However, all NSRI personnel are trained on the completion of the rescue mission reports and are routinely subjected to an internal quality assessment. The rescue base Station Commander crosschecks and validates the completed operation form prior to submitting it for entry onto the MIS database. Both these factors should ensure the quality of the data, while minimising missing data points. Incomplete data forms with missing variables may also limit the reliability and the generalizability of the study's results.
CONCLUSIONS
There is a paucity of literature describing marine rescues in South Africa. This descriptive study comprising rescue operations over a 5-year period, provides the first documented account of work carried out by the NSRI of South Africa. The findings of this study will better inform further research studies within the field of sea rescue and can thus be used to develop search and rescue strategies as well as training. The results may also suggest further preventative measures and public health strategies be implemented to minimise traumatic and medical incident severity and subsequent casualties at sea. 
